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Please check that this examination paper consists of TEN (10) pages of printed 
material before you begin the examination. 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi SEPULUH (10) muka 
surat yang bercetak sebelum anda memulakan peperiksaan ini.] 
 
 
Instructions : Answer THREE (3) questions. 
 
[Arahan : Jawab TIGA (3) soalan.] 
 
 
You are not allowed to take the question paper out of examination hall. 
 
(Anda tidak dibenarkan membawa keluar kertas soalan peperiksaan dari dewan 
peperiksaan) 
 
In the event of any discrepancies, the English version shall be used. 
 
[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi 
Bahasa Inggeris hendaklah digunapakai]. 
 
SULIT    ANGKA GILIRAN :           MSG427 








Consider a completely-mixed fish pond with V m3 of water and initial DO 
concentration c0 mg/L. The BOD decay rate is α day
-1 and DO reaeration rate is  
β day-1 with DO saturation level cs mg/L. The wastes of the fishes living in the 
pond maintain a constant BOD concentration of   mg/L throughout the pond. 
 
(a) Using the given notations, formulate and solve the differential equation 
describing the temporal changes of DO concentration, c(t), in the fish pond. 
 
(b) Assume that = 6 mg/L, c0 = 7 mg/L, α = 0.3 day
-1, β = 0.5 day-1 and cs = 
7.5 mg/L. What is the DO concentration when t → ∞? Sketch the graph of 
DO concentration, c(t), versus time, t.   
 
(c) Suppose that the benthic sediments in the pond, due to decomposition of 
organic matters, exert a constant oxygen demand of WSOD = 0.5 g m-3 day-1. 
Rewrite the differential equation in formulated in (a) to incorporate this 
sediment oxygen demand (SOD) and provide the solution using the values 
specified in (b). What is the DO concentration now when t → ∞? Sketch 
the graph of DO concentration, c(t), versus time, t. 
 
(d) As a result of (c), the pond owner would like to install an oxygen pump to 
increase the DO concentration in the fish pond to 5 mg/L. How much of 
oxygen in g m-3 day-1 should the oxygen pump contribute? 
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Pertimbangkan satu kolam ikan yang bercampur lengkap dengan V m3 air dan 
kepekatan DO awal c0 mg/L. Kadar reputan BOD ialah α hari
-1 dan kadar 
pengudaraan semula ialah β hari-1 dengan kepekatan tepu DO sebagai cs mg/L. 
Buangan ikan yang tinggal di dalam kolam tersebut mengekalkan kepekatan BOD 
malar pada   mg/L di seluruh kolam. 
 
(a) Dengan menggunakan notasi-notasi yang diberikan, rumuskan dan 
selesaikan persamaan pembezaan yang menggambarkan perubahan 
terhadap masa kepekatan DO, c(t), dalam kolam ikan tersebut. 
 
(b) Anggapkan bahawa   = 6 mg/L, c0 = 7 mg/L, α = 0.3 hari
-1, β = 0.5 hari-1 
dan cs = 7.5 mg/L. Apakah kepekatan DO apabila t → ∞ ? Lakarkan graf 
kepekatan DO, c(t), melawan masa, t.  
 
(c) Andaikan bahawa mendapan bentik di dalam kolam, akibat penguraian 
bahan organik, menuntut keperluan oksigen malar WSOD = 0.5 g m-3 hari-1. 
Tulis semula persamaan pembezaan yang dirumuskan dalam (a) untuk 
menggabungkan permintaan oksigen mendapan (SOD) ini dan berikan 
penyelesaian dengan menggunakan nilai-nilai yang dinyatakan dalam (b). 
Apakah kepekatan DO sekarang apabila t → ∞ ? Lakarkan graf kepekatan 
DO, c(t), melawan masa, t. 
 
(d) Hasil daripada (c), pemilik kolam ingin memasang suatu pam oksigen untuk 
meningkatkan kepekatan DO dalam kolam ikan ke 5 mg/L. Berapa 
banyakkah oksigen dalam g m-3 hari-1 yang perlu disumbang oleh pam 
oksigen tersebut?  
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(a) Calculate the steady-state concentration in an elongated tank (Figure 1) by 
dividing the tank into three uniform segments. The tank has cross-sectional 
area A = 10 m2 and length L = 150 m, velocity u = 100 m hr-1, first-order 
reaction rate k = 2 hr-1, and diffusion E = 2000 m2 hr-1. The inflow 
concentration is 1 kg m-3. The flow is the same throughout the system and 
diffusion occurs only inside the tank, among the three segments. Show the 








   Flow    Diffusion 
Figure 1: An elongated tank 
 
 
(b) Suppose that the following flow and salinity data are available for a 
vertically stratified estuary (Figure 2): 
 
Q01 = 4 × 10
6 m3 s-1  S0 = 0 ppt  
Q32 = 2.5 × 10
6 m3 s-1  S1 = 8.5 ppt 
Q21 = 2.5 × 10
6 m3 s-1  S2 = 14.5 ppt  
Q13 = 6.5 × 10







River Estuary Ocean 
Figure 2: A vertically stratified estuary 
 
L 
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(i) Determine the bulk dispersion coefficients Ē12, Ē13, and Ē23 for the 
interfaces in this system if 1 ppt is equivalent to 1 kg m-3. Assume 
that Ē13 = Ē23. 
 
(ii) A factory is planned that will discharge chemical into segment 1 at 
the rate of 5 × 106 kg s-1. The decay rate of the chemical is 10.0 s-1. 
Determine the chemical concentration at segments 1 and 2 if the 
volume of the segments is 10,000  m3. 
 
(iii) Determine how much chemical loading (kg s-1) can be discharged to 
segment 1 if a level of 0.1 kg m-3 must be maintained at segments 1 
and 2.  
 
(iv) From (iii), discuss what will happen to the chemical concentration at 
segments 1 and 2 if the chemical is discharged to the river (segment 
0) instead of the estuary (segment 1). 
 






(a) Kirakan kepekatan keadaan mantap dalam tangki yang panjang (Rajah 1) 
dengan membahagikan tangki tersebut kepada tiga segmen seragam. 
Tangki ini mempunyai luas keratan rentas A = 10 m2 dan panjang L = 150 
m, halaju u = 100 m jam-1, kadar tindak balas tertib pertama k = 2 jam-1, 
dan sebaran E = 2000 m2 jam-1. Kepekatan aliran masuk ialah 1 kg m-3. 
Aliran adalah sama pada seluruh sistem dan sebaran berlaku hanya di 








   Aliran    Sebaran 
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(b) Andaikan bahawa data aliran dan kemasinan berikut boleh didapati untuk 
suatu muara berlapis (Rajah 2): 
 
Q01 = 4 × 10
6 m3 s-1  S0 = 0 ppt  
Q32 = 2.5 × 10
6 m3 s-1  S1 = 8.5 ppt 
Q21 = 2.5 × 10
6 m3 s-1  S2 = 14.5 ppt  
Q13 = 6.5 × 10






Sungai Muara Laut 
Rajah 2: Suatu muara berlapis 
 
 
(i) Tentukan pekali sebaran pukal Ē12, Ē13, dan Ē23 untuk antaramuka 
dalam sistem ini jika 1 ppt bersamaan dengan 1 kg m-3. Anggapkan 
bahawa Ē13 = Ē23. 
 
(ii) Sebuah kilang yang dirancang akan melepaskan bahan kimia ke 
segmen 1 pada kadar 5 × 106 kg s-1. Kadar reputan bahan kimia 
tersebut ialah 10.0 s-1. Tentukan kepekatan bahan kimia di segmen-
segmen 1 dan 2 jika isipadu segmen-segmen tersebut ialah 10,000 
m3. 
 
(iii) Tentukan berapa banyak bahan kimia (kg s-1) boleh dilepaskan ke 
segmen 1 jika tahap 0.1 kg m-3 mesti dikekalkan di segmen-segmen 
1 dan 2. 
 
(iv) Dari (iii), bincangkan apa akan terjadi kepada kepekatan bahan 
kimia pada segmen-segmen 1 dan 2 jika bahan kimia tersebut 
dilepaskan ke sungai (segmen 0) dan bukannya ke muara (segmen 
1). 
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(a) A point source is discharged into an advection-dominated river (Figure 3) 
having the following characteristics: Qr = 139.2 m3 s-1, Cr = 1 kg m-3, Qw = 








Figure 3: Point source 
 
(i) Determine the concentration at loading point x = 0 km assuming 
complete mixing. 
 
(ii) Calculate the concentration of the non-conservative pollutant for 8 





− − = .     (1) 
 
Here, C = concentration, kg m-3; x = distance, m; u = velocity, m s-1;  
k = decay rate, s-1. Note that the river has a cross sectional area of 
2000 m2 and the pollutant reacts with first order decay (k = 10-5 s-1). 
 
Present your result in the form of a table as follows. 
 
x (km) 0 2 4 ……… 8 
C (kg m-3)      
 
(b) A distributed source that enters a water body in a diffuse manner (Figure 4) 





− − + = .     (2) 
 
Here, Sd is the diffuse source loading rate (kg m
-3 s-1).  
,  r rQ C
,  w wQ C
r wQ Q+
Downstream 
x = 0 km 
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Figure 4: Uniform distributed source 
 
(i) If C = C0 at x = 0 km, solve Equation (2).  
 
(ii) Suppose that for the same problem setting as in (a), a uniform 
diffuse source load begins 8 km downstream from the point source 
(Figure 5). The diffuse source has a value of 10-4 kg m-3 s-1 and 
continues for an additional 8 km. Calculate the concentration of the 
pollutant for the additional 8 km and present your result in the form 
of a table as follows. 
 
x (km) 8 10 12 ……… 16 







Figure 5: Point and distributed sources 
 
(c) Suppose that after x = 16 km, all loadings terminate. Calculate the 
concentration of the pollutant for additional 8 km after x = 16 km and 
present your result in the form of a table as follows. 
 
x (km) 16 18 20 ……… 24 
C (kg m-3)      
 
(d) Sketch the pollutant concentration from x = 0 km up to 24 km downstream 
of the point source. 
 
 [ 100 marks ] 
 
( ) dS -3 -1kg m  s
x = 0 km x = 8 km x =16 km
Downstream 
x = 0 km 
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(a) Suatu punca titik dilepaskan ke dalam sungai yang dikuasai aliran (Rajah 3) 
mempunyai ciri-ciri berikut: Qr = 139.2 m3 s-1, Cr = 1 kg m-3, Qw = 5.8 m3 s-








Rajah 3: Punca titik 
 
(i) Tentukan kepekatan pada titik pelepasan x = 0 km dengan 
anggapan pencampuran lengkap. 
 
(ii) Kirakan kepekatan bahan pencemar bukan konservatif tersebut bagi 





− − = .     (1) 
 
Di sini, C = kepekatan, kg m-3; x = jarak, m; u = halaju, m s-1;  k = 
kadar reputan, s-1. Perhatikan bahawa sungai tersebut mempunyai 
luas keratan rentas 2000 m2 dan bahan pencemar bertindak balas 
dengan reputan tertib satu (k = 10-5 s-1). 
 
Kemukakan keputusan anda dalam bentuk jadual seperti berikut. 
 
x (km) 0 2 4 ……… 8 
C (kg m-3)      
 
 
(b) Suatu punca teragih yang memasuki suatu badan air dalam keadaan 
tersebar (Rajah 4) boleh digabungkan dalam persamaan keseimbangan 





− − + = .     (2) 
 
Di sini, Sd ialah kadar lepasan punca jenis sebaran (kg m
-3 s-1).  
,  r rQ C
,  w wQ C
r wQ Q+
Hilir 
x = 0 km 
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Rajah 4: Punca sebaran seragam  
 
(i) Jika C = C0 pada x = 0 km, selesaikan Persamaan (2).  
 
(ii) Andaikan bahawa bagi penetapan masalah yang sama seperti di 
(a), satu punca sebaran seragam bermula 8 km hilir dari punca titik 
(Rajah 5). Punca sebaran tersebut mempunyai nilai 10-4 kg m-3 s-1 
dan berterusan untuk tambahan 8 km. Kirakan kepekatan bahan 
pencemar untuk tambahan 8 km tersebut dan kemukakan 
keputusan anda dalam bentuk jadual seperti berikut. 
 
x (km) 8 10 12 ……… 16 







Rajah 5: Punca-punca titik dan sebaran 
 
(c) Andaikan bahawa selepas x = 16 km, kesemua punca-punca diberhentikan. 
Kirakan kepekatan bahan pencemar bagi tambahan 8 km selepas x = 16 
km dan kemukakan keputusan anda dalam bentuk jadual seperti berikut.  
 
x (km) 16 18 20 ……… 24 
C (kg m-3)      
 
(d) Lakarkan kepekatan bahan pencemar dari x = 0 km sehingga 24 km hilir 
dari punca titik. 
 
[ 100 markah ] 
 
 
- ooo00ooo - 
( ) dS -3 -1kg m  s
x = 0 km x = 8 km x =16 km
Hilir 
x = 0 km 
